Abstract Abnormal neuronal cytoplasmic inclusions (NCIs) containing aggregates of a-internexin and the neurofilament (NF) subunits, NF-H, NF-M, and NF-L, are the signature lesions of neuronal intermediate filament (IF) inclusion disease (NIFID). The disease has a clinically heterogeneous phenotype, including frontotemporal dementia, pyramidal and extrapyramidal signs presenting at a young age. NCIs are variably ubiquitinated and about half of cases also have neuronal intranuclear inclusions (NIIs), which are also ubiquitinated. NIIs have been described in polyglutamine-repeat expansion diseases, where they are strongly ubiquitin immunoreactive. The fine structure of NIIs of NIFID has not previously been described. Therefore, to determine the ultrastructure of NIIs, immunoelectron microscopy was undertaken on NIFID cases and normal aged control brains. Our results indicate that the NIIs of NIFID are strongly ubiquitin immunoreactive. However, unlike NCIs which contain ubiquitin, a-internexin and NF epitopes, NIIs contain neither epitopes of a-internexin nor NF subunits. Neither NIIs nor NCIs were recognised by antibodies to expanded polyglutamine repeats. The NII of NIFID lacks a limiting membrane and contains straight filaments of 20 nm mean width (range 11-35 nm), while NCIs contain filaments with a mean width of 10 nm (range 5-18 nm; t-test, P<0.001). Biochemistry revealed no differences in neuronal IF protein mobilities between NIFID and normal brain tissue. Therefore, NIIs of NIFID contain filaments morphologically and immunologically distinct from those of NCIs, and both types of inclusion lack expanded polyglutamine tracts of the triplet-repeat expansion diseases. These observations indicate that abnormal protein aggregation follows separate pathways in different neuronal compartments of NIFID.
Introduction
Neuronal intermediate filament (IF) inclusion disease (NIFID) has a clinically heterogeneous phenotype, including frontotemporal dementia, pyramidal and extrapyramidal signs presenting at a young age [1, 4, 12, 17] . Macroscopically, there is atrophy of the frontal and anterior temporal lobes and the caudate nucleus is frequently affected. Microscopically, there are the stereotypical features of all frontotemporal lobar degenerations (FTLDs): neuronal loss, microvacuolation, and reactive gliosis in affected areas. Abnormal neuronal cytoplasmic aggregates of a-internexin and the three neurofilament (NF) subunits, NF-H, NF-M, and NF-L are the signature lesions of NIFID [1, 4, 6, 7, 12, 13] . Neuronal cytoplasmic inclusions (NCIs) of NIFID are variably ubiquitinated and, in about half of cases, there are neuronal intranuclear protein inclusions (NIIs), which are also ubiquitinated [4, 12, 17] . The fine structure of NIIs of NIFID has not previously been described.
NIIs are not unique to NIFID as they have been described in several neurodegenerative diseases including: polyglutamine-repeat expansion diseases (Huntington's disease, spinocerebellar ataxias, and neuronal intranuclear inclusion disease), synucleinopathy (multiple system atrophy), frontotemporal lobar degeneration with motor neuron disease-type inclusions (FTLD-MNDtype), and amyotrophic lateral sclerosis (ALS) with neuronal intranuclear protein hyaline inclusions. [16, 19, 21, 22, 23, 27, 28, 29, 30, 33] . Nuclear inclusions are not specific to neurodegenerative diseases as Marinesco bodies and intranuclear rodlets are also found in the aging brain [18, 34] . However, these inclusions have also been associated with age-related motor dysfunction [34] .
NIIs are the signature lesions of the trinucleotide repeat expansion diseases and their significance has been reinforced by transgenic mouse models. These have shown that NIIs containing the pathological protein leads to neurodegeneration [23] . However, evidence suggests that NIIs may also play a protective role [9, 14, 25] . For example, a mouse model of spinocerebellar ataxia type 7, a CAG trinucleotide repeat disorder, develops nuclear inclusions which contain ubiquitinated abnormal ataxin protein [2, 35] . This mouse model was also manipulated to express a marker protein which accumulated in neurons vulnerable to developing pathology. The presence of NIIs was inversely correlated with accumulation of the marker, suggesting that NII numbers are inversely correlated with neuronal degeneration. These results, along with those of other studies, suggest that aggregation of toxic protein, or protein fragments, in nuclear inclusions may reduce the soluble cellular pool of the harmful species, thereby protecting the cell [2, 9, 14, 20, 25] . Although it is unknown whether NIIs result from toxic or protective mechanisms, NIIs and NCIs are the signature lesions of NIFID [4] . Identification of the molecules which aggregate as NIIs or NCIs will help to elucidate the mechanisms of pathogenesis in NIFID and these mechanisms may also parallel pathogenesis in other neurodegenerative diseases with abnormal neuronal protein aggregates. Here we describe, for the first time, the ultrastructure of neuronal intranuclear inclusions of NIFID and compare both the structure and immunoelectron profile of their filaments with those of cytoplasmic inclusions.
Materials and methods
Brain tissue collection, processing, and neuropathological assessment Fresh brain tissue was either rapidly frozen by contact with an aluminium plate on solid CO 2 or formalin-fixed and paraffin wax-embedded. Brain tissues were obtained from four clinically and neuropathologically well-characterised cases of NIFID from the United States (three cases) and the United Kingdom (one case) and four agematched normal controls were obtained from the Centre for Neurodegenerative Disease Research, University of Pennsylvania, USA ( Table 1 ). All of the disease cases displayed the pathological features previously described in NIFID [1, 4, 12, 17] . Tissue was removed according to the Institutional Review Board (IRB) guidelines and informed consent of the next-of-kin was obtained for brain autopsy. Frontal lobe tissue (middle/superior frontal gyrus) was used for analysis as this region contains relatively high numbers of neuronal cytoplasmic and nuclear inclusions and was available for both immunoelectron microscopic and biochemical studies. Frontal lobe tissue from a mouse expressing N171 huntingtin with 82 glutamine repeats [26] was kindly donated by Dr. D. Rubinsztein (University of Cambridge, UK), and used as a positive control for antipolyglutamine repeat expansion antibodies.
Histology and immunohistochemistry
Tissue blocks were taken from the middle frontal gyrus. Histological stains included haematoxylin and eosin. Antigen retrieval was performed by heating sections in a solution of 0.5% ethylenediaminetetraacetic acid (EDTA) in 100 mmol/L TRIS, pH 7.6 at 100°C for 10 min. Immunohistochemistry (IHC) was undertaken on 6-to 10-lm-thick sections prepared from formalin-(cases NIFID1, 3, 4) or 4% paraformaldehyde-(case [4, 6, 7] .
Transmission electron microscopy Frozen brain tissue stored at À70°C was brought to À20°C. The grey matter was identified, dissected, and samples placed directly into a cold (4°C) solution of 4% formaldehyde and 0.1% glutaraldehyde (vacuum-distilled) in phosphate buffered saline (PBS). The following procedures were carried out at 4°C. After 18 h of fixation, the samples were rinsed thoroughly in PBS then dehydrated in an ethanol series and embedded in Unicryl resin (British BioCell International, Cardiff, UK) as previously described [32] . Serial thin sections were collected onto formvarcoated transmission electron microscopy (TEM) support grids and immunogold labelled using an established methodology [31] . Briefly, a modified PBS, pH 8.2, containing 1% BSA, 500 ll/l Tween 20, 10 mM Na EDTA and 0.2 g/l NaN 3 (PBS+) was used for all dilutions of antibodies and secondary gold probes. All sections were blocked in normal goat serum (1:10 in PBS+) for 30 min at room temperature. The sections were then incubated overnight at 4°C with the antibody of interest (see Table 2 ) and in the case of the polyclonal antibodies, a concurrent protein-matched, non-immune rabbit serum control incubation. After rinsing (3·2 min) in PBS+, sections were incubated in the appropriate secondary antibody gold probe [10-nm gold particleconjugated goat anti-mouse IgG (GaM10) or anti-rabbit IgG (GaR10) 1:10 in PBS+] for 1 h at room temperature. Sections were subsequently rinsed in PBS+ (3·10 min) and distilled water (4·5 min) and poststained in 0.5% uranyl acetate for 90 min. For ultrastructural analysis, non-immunolabelled sections were collected onto bare TEM support grids and stained with uranyl acetate as above and with lead citrate (10 min). Thin sections were examined in a Hitachi 7100 TEM at 100 kV. Images were acquired digitally with an axially mounted Gatan Ultrascan 1000 CCD camera (Gatan, UK). Ultrastructural measurements were carried out using software provided with the camera and Student's t-test was used to compare mean fibril and granular dimensions.
Sequential biochemical fractionation
Grey and underlying white matter was dissected from the middle frontal gyrus and weighed; fractions were dissolved in detergents of increasing strength as previously described [7] . Briefly, tissue was homogenised in Hi-Salt (50 mM TRIS) buffer containing 10 mM EDTA, 5 mmol/l MgSO 4 , 0.75 M NaCl, 0.02 M NaF, 0.5 mM PMSF, and a cocktail of protease inhibitors, and centrifuged at 25,000 g for 30 min at 4°C. Supernatants were saved as the HS fraction and pellets were washed by reextraction in HS buffer. Resulting pellets were subjected to two sequential extractions in 10 ml/g Triton-X (TX) buffer containing Hi-Salt, 1% Triton X-100, and protease inhibitors and centrifuged as for the HS fraction. Supernatants were saved as the TX fraction. Pellets were homogenised in RIPA buffer containing 250 mM TRIS, 750 mM NaCl, 25 mM EDTA, 2.5% sodium deoxycholate, 0.5% sodium SDS and 5% NP40 adjusted to pH 8.0, and centrifuged and pelleted as above. The supernatants were saved as the RIPA fraction. Pellets were resuspended in 2% SDS in 50 mM TRIS with protease inhibitors, and centrifuged as above but at 15°C. Supernatants were preserved as the SDS fraction. Pellets were resuspended by sonication in 70% formic acid and centrifuged at 25,000 g for 1 h at 4°C. Myelin precipitate was removed prior to the samples being vacuum dried and saved as the FA fraction. Protein concentration was determined using the Coomassie protein assay (Pierce, Rockford, IL) and bovine serum albumin as a standard. SDS sample buffer (10 mM TRIS, pH 6.8, 1 mM EDTA, 40 mM dithiothreitol, 1% SDS, 10% sucrose) was added to samples of HS, TX, RIPA, and FA, and sample buffer without SDS (10 mM TRIS, pH 6.8, 1 mM EDTA, 40 mM dithiothreitol, 10% sucrose) was added to SDS-soluble samples, followed by heating at 100°C for 5 min. Western blot analysis Prior to electrophoresis, aliquots were mixed with an equal volume of 2· Laemmli sample buffer [15] , boiled at 100°C for 10 min and equal amounts of protein were then separated by 7.5% SDS-PAGE. The proteins were transferred electrophoretically to polyvinylidene fluoride (PVDF) membrane in buffer containing 25 mM TRIS, 191.8 mM glycine and 20% methanol. Membranes were blocked in PBS containing 3% powdered skimmed milk and 2% bovine serum albumin (BSA) for 1 h at room temperature and incubated in primary antibody overnight at 4°C. After six 10 min washes in PBS-Tween, the membranes were incubated for 2 h at room temperature in the appropriate secondary antibody conjugated to horseradish peroxidase (HRP). The membranes were then washed six times in PBS-Tween and immunolabelled proteins were visualised by enhanced chemiluminescence reagents using SuperSignal West-Pico substrate (Perbio Science Ltd., UK). Antibodies were used at the following dilutions: monoclonal mouse anti-glyceraldehyde-3-phosphate dehydrogenase (anti-GAPDH; Abcam Ltd., Cambridge, UK) 1:10,000, SMI 31 1:10,000; SMI 32 1:5,000 and goat anti-mouse-HRP 1:5,000.
Results

NIIs of NIFID are intensely ubiquitinated
In all of the four cases of NIFID, both NCIs and NIIs were readily detected in the frontal lobes by ubiquitin IHC (Fig. 1 ), but no ubiquitin-positive neuronal or glial inclusions were seen in any of the control cases. The density of cytoplasmic inclusions was generally greater in the superficial layers, the area of most severe neuronal loss, as was the density of NIIs. The ratio of NIIs to NCIs varied considerably between cases from about 1:50 to less than 1:300. Generally, the NIIs were more intensely labelled by anti-ubiquitin antibodies than were the cytoplasmic inclusions. Previously, we have shown that some, generally compact, NCIs are only weakly or unstained by ubiquitin IHC [1, 6] . With ubiquitin IHC, the NIIs appeared round, sometimes elongated, occasionally occupying more than 50% of the nuclear volume. Single or multiple inclusions occupied a single nucleus, as has been previously described [4] , and NIIs could be found in isolation or in combination with cytoplasmic inclusions.
NIIs of NIFID are filamentous and morphologically distinct from cytoplasmic inclusions NCIs, being more numerous than NIIs, were readily identified by TEM. Generally, two types of cytoplasmic inclusion could be identified: tightly arrayed filaments of a compact cytoplasmic inclusion (CCI) and loosely aggregated filaments of a cytoplasmic inclusion (LACI), the latter was previously described as a Pick body-like inclusion, the most common morphological type in NI-FID [4, 12, 17] . NIIs varied in size and shape and sometimes filled almost the entire nucleus. As with light microscopy, both round and elongated inclusions were observed. At low magnification, the NIIs could be distinguished by an apparent disruption in the usually The nucleolus is in an eccentric position and the inclusion is round and occupies a large fraction of the nucleus and is more intensely stained than the cytoplasmic inclusion (NII neuronal intranuclear inclusion, NCI neuronal cytoplasmic inclusion, NIFID neuronal intermediate filament inclusion disease). Ubiquitin immunohistochemistry; bars A 50 lm; B 10 lm uniform nuclear appearance ( Fig. 2A) . High magnification revealed that NIIs contained both granular and filamentous material (Fig. 2B) , the filaments being the predominant component; there was no limiting membrane. The mean diameter of the granules was 32 nm (range 13-52 nm), significantly wider than the average filament width of 20 nm (range 11-35 nm; t-test, P<0.001), suggesting that granules are distinct from filaments and not simply filaments in cross-section. The filaments of the NIIs were randomly oriented and appeared to be shorter than those of CCIs. However, in thin sections, filament curvature and/or orientation may spuriously reduce apparent length. By TEM, CCIs, corresponding to hyaline conglomerate inclusions by light microscopy, contained dense arrays of tightly packed neuronal IFs (Fig. 2C, D) while LACIs appeared as loosely aggregated filaments decorated by granular material (Fig. 2E, F) . These two types of NCIs have previously been reported [4] and may represent different stages in the evolution of cytoplasmic neuronal IF inclusions in NIFID. Both CCIs and LACIs lacked limiting membranes. CCIs are composed of filaments with a mean diameter of 9.9 nm (range 5-18 nm), significantly thinner than the average NII filament width of 20 nm (t-test, P< 0.001). Unlike the apparently random orientation of filaments of the NIIs and LACIs, those within CCIs tended to be similarly oriented and often ran parallel to each other in swirling patterns (Fig. 2D) . Filaments of NIIs contain ubiquitin epitopes, but lack neuronal IF and expanded polyglutamine repeat epitopes Previously, we have shown that the NCIs of NIFID contain epitopes of class IV neuronal IF proteins and are ubiquitinated to varying degrees [4, 6, 7] . To further characterise inclusion content, we have used immunogold labelling TEM; a semi-quantitative assessment of the immunolabelling density of inclusions by each antibody is summarised in Table 3 . The most striking labelling of the NIIs was observed with antibodies to ubiquitin epitopes. Although NIIs, CCIs and LACIs were ubiquitin positive (Fig.3A-C) , the NIIs were the most robustly labelled. A concurrent control incubation in protein-matched non-immune rabbit serum exhibited minimal labelling (data not shown). These observations confirm our previous IHC studies with the light microscope [4, 6, 7] . Unlike the filaments of CCIs, the filaments of NIIs were not labelled by either antibodies to a-internexin or antibodies to phosphorylated NF epitopes (Fig. 3D, G) . Conversely, filaments of CCIs were heavily labelled by neuronal IF protein antibodies (Fig. 3E, H) . Filaments of LACIs contained only negligible quantities of a-internexin epitopes and were weakly labelled with phosphorylated NF antibodies (Fig. 3F, I ). Neither the NIIs nor the CCIs were labelled by anti-non-phosphorylated NF antibodies; however, very low levels of non-phosphorylated NF epitopes were detected in LACIs (data not shown). Anti-polyglutamine repeat epitopes of NIIs were clearly labelled by the 1C2 antibody in tissue from the frontal lobe from a mouse expressing N171 huntingtin with 82 glutamine repeats (data not shown). As with previous studies using IHC with the light microscope [4, 6, 7] , none of the inclusion types (NII, CCI or LACI) contained filaments that were labelled by the 1C2 antibody, indicating that expanded polyglutamine repeat epitopes are absent from the pathological inclusions of these cases of NIFID. Previously, we have shown that a-internexin, although a major component of the NCIs of NIFID, does not appear to be modified, as detected by Western blots [7] . Here we have investigated the mobility of NF proteins in the four cases of NIFID examined here. The relative mobilities of phosphorylated NF proteins and protein fragments, that were recognised by the SMI 31 antibody, were similar in both NIFID and age-matched normal brain tissue (Fig. 4) . A low molecular mass band (approximately 40 kDa) was detected only after long exposure (1 h) in the NIFID samples and this most likely is a breakdown product of NF-L. The mobilities of non-phosphorylated NF proteins (as detected by SMI 32 antibody) in NIFID were indistinguishable from the controls (data not shown).
Discussion
We describe here, for the first time, the ultrastructure and immunoelectron microscopic profile of NIIs of NIFID. NIIs and NCIs were found in the frontal lobes of all four cases examined, but in none of the controls. Previous studies have indicated that the NCIs of NIFID are disease specific and not a by-product of normal ageing [4, 6, 7] . Nuclear inclusions are of variable shape, usually round, and often occupy the larger part of the nucleus. They are typically much larger than the nucleolus, which is often seen in an eccentric position within the nucleus. Single or multiple forms may occupy a single nucleus, and NIIs may be found in isolation or in combination with a cytoplasmic inclusion. NIIs are found, typically, at much lower densities than cytoplasmic inclusions. The average filament width of an NII is 20 nm (range 11-35 nm), significantly broader than those of the CCI (9.9±0.35 nm; t-test, P<0.001), indicating that NII filaments are morphologically distinct from those of the CCIs.
Like CCIs and LACIs, the NIIs of NIFID are ubiquitinated, but the intensity of staining, as seen by IHC, is usually much more robust in the NIIs. Previously, we and others have shown that neuronal IF protein epitopes are found within NCIs of NIFID [1, 4, 6, 7, 12, 13, 17] . Our IHC studies [3, 4, 6, 7] and the immunogold labelling TEM described here failed to detect epitopes to neuronal IF proteins within the filaments of NIIs of the frontal lobe. In one study, a small subset of NIIs in the granule cells of the dentate fascia, containing epitopes of NFs has been reported, but no NF epitopes were seen in NIIs of the Purkinje cells of the cerebellum, indicating that NIIs of NIFID are neuropathologically heterogeneous [12] . Thus, in addition to being structurally distinct, the NIIs are also immunologically distinct from the cytoplasmic inclusions of NIFID. This variable immunolabelling profile of inclusions in different cellular compartments is an enigmatic feature of this disease.
NIIs are not unique to NIFID as they have been described in polyglutamine-repeat expansion diseases, including Huntington's disease, spinocerebellar ataxias, and neuronal intranuclear inclusion disease (NIID) [16, 19, 29] . The association between NIIs and this group of diseases has led to the hypothesis that they are a common neuropathological feature of triplet-repeat disorders with polyglutamine-repeat expansions [10] . As in NIFID, the NIIs of triplet-repeat disorders are ubiquitinated, but those of triplet-repeat disorders also contain aggregates of pathological protein with a polyglutaminerepeat expansion [11] . In a small subset of NIIs in one study, epitopes of polyglutamine tracts have been reported in the Purkinje cells of the cerebellum, indicating that NIIs may be neuropathologically heterogeneous [12] . Using an anti-polyglutamine expansion antibody (1C2), we were unable to detect polyglutamine expansion tracts in NIIs or NCIs (CCIs and LACIs) in the frontal lobes by either IHC or immunoelectron microscopy. Recently, NIIs in a case of ALS with NIIs were reported to be ubiquitinated and 1C2 negative, but labelled with anti-ataxin 3 (A3C-1) antibody, and contained 10-to 12-nm-diameter filaments reminiscent of polyglutamine intranuclear hyaline inclusions [27] . In contrast, in NIFID, filaments of NIIs were 20 nm in diameter, but lacked neuronal IF epitopes. Intranuclear inclusions have also been reported in another FTLD, i.e. FTLD-MND-type [33] , and the NIIs of NIFID most closely resemble the morphology of those of FTLD-MND-type. Neither in NIFID nor in FTLD-MND-type (data not shown) were polyglutamine expansion epitopes present within the NIIs or NCIs. Thus, the distribution, morphology, and immunological profile of NIIs of NIFID are distinct from those of the polyglutamine repeat expansion diseases and ALS, but resemble the immunohistochemical and morphological appearance of NIIs in FTLD-MND-type.
The role played by NIIs in neuronal degeneration is not fully understood. NIIs may result from a cytoprotective mechanism or they may be deleterious to neuronal function [2, 9, 14, 16, 19, 23, 35] . The formation of NIIs in polyglutamine repeat diseases is thought to result from proteins containing polyglutamine tract expansions of more than approximately 40 glutamine residues becoming destabilised and substrates for proteolysis. They are then proteolytically cleaved in the cytoplasm and the fragments are transported to the nucleus, where they become ubiquitinated and targeted for proteasomal degradation [22, 23, 24] . These protein fragments may be more toxic and more prone to aggregation than the full-length protein [24] . NIIs may cause neuronal dysfunction or cell death by several mechanisms. For example, NIIs may impair transcription and mRNA processing [24] . The ubiquitinated NIIs of some polyglutamine repeat disorders recruit the 20S proteasome [8, 22, 24] , which may reduce the ability of the proteasome to turnover short-lived proteins. The consequential build-up of these proteins, which are normally efficiently cleared by the proteasome, may be detrimental to the cell. Additionally, the slow aggregation of misfolded and associated chaperone proteins is likely to obstruct intranuclear, cytoplasmic, nuclearcytoplasmic and axonal transport of proteins essential for maintenance of normal neuronal function.
Recently, we described a-internexin as a major component of the NCIs, which are also immunopositive for NFs, the pathological hallmark of NIFID [4, 6, 7] . To determine whether the proteins identified within NIFID inclusions are post-translationally modified, a characteristic feature of pathological proteins in neurodegenerative diseases [5] , we used biochemical methods to investigate the mobility of soluble neuronal IF proteins. We have shown previously that the mobility of soluble a-internexin from frozen brain homogenate, as detected by Western blot, is indistinguishable between cases of NIFID and age-matched controls [7] . This observation suggests that a-internexin is not post-translationally modified. Western blotting data in this study confirm that the mobilities of both phosphorylated and nonphosphorylated NFs are similar in disease and agematched controls. Taken together these results indicate that neuronal IF proteins are not abnormally posttranslationally modified in NIFID. Nonetheless, the presence of aggregates of a-internexin and hyperphosphorylated NFs within the cytoplasm is abnormal and likely to impair normal cellular function.
Although a-internexin is a major component of the NCIs of NIFID, it is not specific because it is also a minor component of the pathological inclusions of other neurodegenerative diseases [6] . Abnormal perikaryal accumulations of NF proteins also occur in AD, PD and MND [5] . However, NFs may be chaperone proteins and not the primary pathological protein in most of these disorders. It is possible that neuronal IF proteins are also chaperone proteins in NIFID and that aggregates of these proteins may be protective against the upstream effects of an, as yet unknown, pathological protein Cytoplasmic aggregates of NFs in AD, PD, and MND may occur in response to progressive neuronal dysfunction as a result of several mechanisms: impaired axonal transport, post-translational modification of protein (e.g. tau in AD, a-synuclein in PD), environmental toxins, and stress. Cytoplasmic NF aggregates may provide neuroprotection by acting as a phosphorylation sink. In this way, NFs might absorb the effects of deregulated phosphorylation events and, in doing so, minimise the phosphorylation of those proteins rendered toxic by inappropriate post-translational modification [20] . It is possible that neuronal IF protein accumulation in NIFID results from some toxic insult, but no evidence exists for any exposure to environmental toxins [4] .
The presence of NIIs in NIFID that are ubiquitinated, but do not contain neuronal IF protein epitopes, indicates that NIIs form independently from cytoplasmic inclusions and are morphologically and immunologically distinct. If accumulations of neuronal IF proteins in NIFID are secondary to the effects of some other toxic molecule, or event, the NIIs of NIFID may occur prior to, independently of, or in combination with, the cytoplasmic inclusions. Further investigations are now underway to determine other molecules within NIIs and NCIs of this disease. The identification of novel ubiquitinated molecules within the inclusions will throw new light on the pathogenesis of NIFID.
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